The present study attempted to investigate the effect of multimedia glosses on EFL students' vocabulary acquisition and retention. Forty-five EFL students were divided into two groups: control (n=22) and experimental (n=23). A vocabulary test was administered to both groups in order to ensure that they were equivalent. Then, all participants attended 12 weekly reading sessions where participants of the experimental group practiced reading computerized texts that included multimedia glosses while participants of the control group practiced reading the same texts but without any glosses. Immediately after the treatment was over, the vocabulary test was administered to both groups in order to evaluate the differences between the two groups in vocabulary acquisition. Moreover, the same test was administered to both groups two weeks after the administration of the posttest with the purpose of evaluating the differences between the two groups in vocabulary retention. The statistical analysis revealed a significant difference between the two groups in both the immediate and the delayed administrations of the vocabulary test. Therefore, it was concluded that multimedia glosses enhanced both vocabulary acquisition and retention among EFL students.
Introduction

Problem of the Study
Vocabulary learning has been identified as one of the most essential components of language learning (Tong, 2017; Webb & Nation, 2017 ) and many researchers have considered the role of vocabulary as so crucial for successful reading comprehension (Taj, Ali, Sipra, & Ahmad, 2017) that the success or failure of the reading process may depend on the knowledge of vocabulary or the absence of it (Barrot, 2013) . For Lee and Jeon (2017) , the reader must possess a certain amount of vocabulary in order to be able to read and understand authentic texts that contain unknown vocabulary. For them, this can happen when at least 95% of the words in the text are already known. Therefore, Bleses, Makransky, Dale, Højen, and Ari (2016) as well as Masrai and Milton (2017) believe that learning vocabulary plays an important role not only in the acquisition of second language but also in academic achievement which, according to Xiaohui (2010) , constitutes a great challenge and an enormous task for both second language learners and teachers.
Despite the necessity to possess good vocabulary, many EFL learners have problems developing their lexical repertoire to an adequate level that would help them communicate effectively in different situations (Rassaei, 2017) . This might be due to the fact that acquiring vocabulary in L2 is rather a difficult and demanding process (Kiliçkaya & Krajka, 2010) because L2 learners find difficulty making guesses as efficiently as native speakers (Ko, 2012) . Saudi EFL learners seem to suffer from the same difficulty. Many studies examined the problem of vocabulary deficiency in EFL Saudi learners (e.g., Al-Khairy, 2013; Al-Murshidi, 2014; Al-Qahtani, 2016; Al-Rabai, 2016; Al-Saif & Milton, 2012; Hamouda, 2013; Khan, 2016; Milton, 2012; Rafada & Madini, 2017) . In order to find out how serious the problem was, a vocabulary test was administered to a group of EFL students at Jubail College of Education, IAU University. This pilot study revealed that 58% of these students scored low in vocabulary. Therefore, the present study's problem is that some EFL students do not possess enough vocabulary that would enable them to communicate effectively. Due to the prevalence of technology and its applications in teaching and learning, the researcher decided to attempt the use of multimedia glosses as a means to improve EFL students' Glosses have several benefits for language learners. First, they help learners avoid guessing that can sometimes be inaccurate (Nation, 2013) . Second, they provide learners greater autonomy in their reading (Ha, 2015) as they become less dependent on their teachers because looking at a glossed word depends on their own knowledge of a word (Vela, 2015) . Third, they help learners activate their prior knowledge as well as connect it with new knowledge in the text; which can facilitate reading comprehension (Azari, Abdullah, Heng, & Hoon, 2012b; Farvardin & Biria, 2011; Hong, 2010; Taylor, 2013a Taylor, , 2013b and vocabulary acquisition (Zhao & Ren, 2017) . This is especially important for acquiring incidental vocabulary that learners may ignore while reading (Öztürk & Yorganci, 2017; Teng, 2019) . Finally, they save the effort and time of learners compared to dictionary look-up (Hong, 2010; Vela, 2015) . However, there is a downside to traditional glosses, which is that it may get in the way of comprehension (Taylor, 2010) . Recently, advances in language learning based on technology have helped educators develop an increased variety of input enhancements (Poole, 2012) . By clicking a hyperlinked word in a text, learners can access glosses in different formats (text, pictures, videos, & sound) and locations in the text (at the side, bottom or top margin, in a pop-up window, & at the end of the text) (Abu Seileek, 2011) . This can be referred to as multimedia glosses (Türk & Erçetin, 2012; Yanguas, 2009 ).
Multimedia glosses can find their theoretical foundations within the Multiple Intelligences Theory (MIT), the Dual Coding Theory (DCT), and the Generative Theory of Multimedia Learning (GTML). Howard Gardner's MIT differentiates human intelligence into specific modalities (rhythmic, visual, verbal, logical, kinesthetic, interpersonal, intrapersonal, naturalistic, & existential) (Gardner, 2011) . Using multimedia glosses represents an example of the application of the MIT in education (Sadeghi, 2011) as they can include text, pictures, sound files, videos, and hyperlinks to external websites; thereby helping learners with different types of intelligences (Rouhi & Mohebbi, 2012b Tajeddin & Chiniforoushan, 2011) . Allan Paivio's DCT suggests that if the meaning of a word is visually illustrated, this word will become more memorable (Paivio, 2010) . In other words, when information is available in two modes of presentation, it becomes more elaborate and thus more memorable (Shalmani & Sabet, 2010) . Therefore, Boers, Warren, Grimshaw, and Siyanova-Chanturia (2017) suggest that providing multimedia glosses invites more and longer attention to the glosses. Additionally, Mayer's GTML proposes that better learning occurs when people are exposed to multimedia presentations rather than single-medium presentations (Mayer & Moreno, 2002) . For example, presentation of words and pictures simultaneously leads to better learning outcomes (Mayer, 2001) . Therefore, the use of multimedia glosses would enter the cognitive system through multiple channels (Yanguas, 2009 ).
Multimedia glosses have been classified considering different factors. The first is the content factor according to which classify them into translations in L1, synonyms or definitions in L2, pictures, or combinations of these types. The second factor of classifying multimedia glosses is the factor of multimedia which divides multimedia glosses into textual definitions coupled with video (Hsu, 2018) , text with picture (Yanguas, 2009 ), text with audio (Vadasy & Nelson, 2012) , or text, picture, and audio combined together (Salem, 2006) . Finally, considering the factor of location, or physical distance between the gloss and the reading text, multimedia glosses can be divided into pop up, in-text, marginal, and end-of-text glosses (Chen, 2016; Chen & Yen, 2013) .
Multimedia glosses offer the same advantages that textual glosses offer, in addition to some more benefits related to their technological nature. First, they help learners enjoy reading (Vela, 2015) without interrupting the reading flow (Ha, 2015) for the purpose of looking the new words up (Vela, 2015) because information will always be available at the click of a mouse (Abu Seileek, 2011) . Second, multimedia glosses are not confined to providing textual information (Khezrlou et al., 2017) as the multimedia environment affords multiple formats through which learners can receive the input to check the meaning of the unknown vocabulary (Aldera & Mohsen, 2013) through pictures, sounds, videos and so forth (Beach, Hull, & O'Brien, 2011; Mohsen & Balakumar, 2011) . This increases the active processing of L2 input as they provide rehearsal or several inputs to the same word (Vela, 2015) . Third, the flexibility of connection methods through hyperlinks provides learners as much information as possible (Chen & Yen, 2013) . Fourth, multimedia glosses can be approached both globally and linearly compared to traditional paper-based glosses that can only be approached linearly (Abu Seileek, 2011) . That is, multimedia glosses can appear anywhere on the screen when the reader clicks the target word (Khezrlou et al., 2017) . Moreover, they can be shown in a pop-up window (Lee & Lee, 2015) . Finally, the easy access to multimedia glosses (Ertürk, 2016) increases learners' independence (Taylor, 2013b) and makes the reading of authentic texts manageable and interactive (Beach et al., 2011) .
Some educators suggest a number of guidelines to be considered by instructors, program developers, and designers when using multimedia glosses. The first guideline is related to the technological aspect of multimedia glosses. That is, learners not accustomed to the use of multimedia glosses need to be trained in how to use the software in the most beneficial way to make sure that they can consult all informational categories available (Hong, 2010) . Another guideline is about the proficiency levels of learners to which glosses need to be tailored. In this respect, Nation (2009) recommends using L1 glosses for learners with a vocabulary of less than 2000 words and using L2 glosses for more advanced learners. Moreover, some researchers (e.g., Ariew & Ercetin, 2004 ) advise instructors to be careful about using glosses with beginners. They explain that the attentional split between the glosses and information in the reading text may have a negative effect on reading comprehension. The third guideline is about the density of the glossed words in the reading text. Nation (2009) points out that approximately two to five percent of the running words in the text should be glossed. Additionally, Hong (2010) advises instructors to avoid selecting too many words or selecting words based on their personal judgment. Instead, they may gloss the words according to their usefulness and importance in the text. The fourth guideline is about the length of the gloss. For Ariew and Ercetin (2004) , one-word glosses may cause problems as some readers either know or do not know the meaning. However, they add, if a longer gloss is used (2-7 words), readers will have a better opportunity to understand its meaning. Finally, glosses should be clear, interesting, and helpful to readers as well as fit the context of the text in which the target words appear (Hong, 2010) .
Many studies found multimedia glosses to be effective for improving vocabulary learning (e.g., Çakmak, 2014; Chiu, 2013; Hassan, 2010; Hu, Vongpumivitch, Chang, & Liou, 2014; Jalali & Neiriz, 2012; Kongtawee & Sappapan, 2018; Lee & Lee, 2015; Lee, Lee, & Lee, 2016; Lee, Warschauer, Lee, 2017; Loucky & Tuzi, 2010; Moazzeni, Bagheri, Sadighi, & Zamanian, 2014 Moradan & Vafaei, 2016; Oe & Alam, 2013; Poole, 2011 Poole, , 2012 Poole & Sung, 2016; Rashtchi & Aghili, 2014; Rassaei, 2018; Razagifard, 2010; Rouhi & Mohebbi, 2012a Salem, 2006; Tabatabaei & Shams, 2011; Türk & Erçetin, 2012; Yanguas, 2009; Yun, 2011; Zoi, Bellou, & Mikropoulos, 2011) . However, no study investigated the use of multimedia glosses to improve the vocabulary of Saudi EFL students. Therefore, the present study attempted to investigate the effect of multimedia glosses on Saudi EFL students' vocabulary acquisition and retention.
Hypotheses of the Study
To achieve the aim of the present study, it was hypothesized that: 1) A statistically significant difference would exist between the mean scores of the experimental group and the control group in vocabulary acquisition in favor of the experimental group.
2) A statistically significant difference would exist between the mean scores of the experimental group and the control group in vocabulary retention in favor of the experimental group.
Method
Design
The design used in the present study is a pretest-posttest control group design which consists of an experimental group (n=23) and a control group (n=22). Both groups were administered to a test of vocabulary before and after the treatment in order to measure vocabulary acquisition. Two weeks after the posttest, participants were tested in vocabulary again in order to measure vocabulary retention.
Participants
Forty-five first-year EFL students at Jubail College of Education, IAU University, participated in the study. They ranged between 14-16 years of age with a mean of 15.23 years. All participants were acquainted to using computers at school.
Variables
The present study includes an independent variable (multimedia glosses) as well as two dependent variables (vocabulary acquisition & vocabulary retention). Below are the operational definitions for the three variables.
Multimedia Gloss
A multimedia gloss is a pop-up window which includes a synonym, definition, pronunciation, picture, video, and a hypertext link to external information. This window will appear when a reader clicks on certain difficult or unknown words in a computerized text in order to make these words comprehensible.
Vocabulary Acquisition
Vocabulary acquisition is EFL learners' scores on the English vocabulary test administered immediately after the experiment in order to measure their skills in recognizing, understanding and applying the English lexical items taught to them.
Vocabulary Retention
Vocabulary retention is EFL learners' scores on the English vocabulary test administered two weeks after the experiment.
Instrument
A vocabulary test was devised by the researcher to be used as: (1) a pretest to ensure the equivalence of the two groups before the treatment, (2) a posttest to measure vocabulary acquisition immediately after the treatment, and (3) a delayed test to measure vocabulary retention two weeks after the treatment. This test consisted of 50 multiple-choice questions, each measuring a target vocabulary. Every question had four options, only one was correct. Every correct answer was awarded one mark for a total of 50 possible marks. The pretest, posttest, and delayed test were the same. The only difference was rearranging the questions and options.
The test was given to a pilot group of 20 students in order to determine item difficulty and test duration. Item difficulty was estimated by dividing the frequencies of incorrect answers by the total number of students. The values of the item difficulty ranged between 0.27 and 0.76 for all test items. On the other hand, the discrimination index was estimated by using inter-item correlation. This correlation was between each item and the total score of the test. The discrimination indexes of all the test items were within acceptable range (0.10 and above). It took students 72 minutes to complete the test; therefore, 75 minutes were allotted as the time of the test in the actual study.
To determine the validity of the vocabulary test, it was given to five specialists working in the field of TEFL and their feedback was obtained concerning the wording of the test items as well as the relevance of the items to students' proficiency level. Test reliability was measured by employing Cronbach's Alpha method. The standardized Cronbach's Alpha was 0.87. This ensures the relative internal consistency of the test items.
Materials
Eight reading passages were selected from the specified textbook. In order to determine the vocabulary to be glossed, a pilot study was conducted in which a hardcopy version of the selected texts was given to three reading instructors who read the passages and selected every single or multi-word lexical item they believed students did not know. Instructors selected 167 words which the researcher put in a list and asked 23 students who did not take part in the present study to determine whether each word is known or unknown to each of them. The words that were determined to be unknown to 60% or more of the students were chosen as target words. After consulting the reading instructors, and the 23 non-participant students, the vocabulary words selected as target words were 114: 56 nouns (49%), 42 verbs (37%), and 16 adjectives (14%). For each glossed word used in the study, the following six types of information were provided:
•
The equivalent of the glossed vocabulary, mainly consisting of one word.
The definition of the word, usually a phrase of 2-6 words. Definitions were extracted from Oxford Advanced Learner's Dictionary (2014) and the American Heritage Dictionary (2015).
A digital high-resolution picture of the word, from the Internet.
• Audio pronunciation of the word in English.
• A digital video of the glossed word, from the Internet. Videos had almost the same length and quality.
• A hypertext link to an external web page with information about the glossed word.
Great care was exercised to find clear and contextually-appropriate synonyms, definitions, pictures, audios, videos, and links to external web sites. Moreover, these selections were evaluated by two reviewers. Based on their remarks, seven of the videos and 11 of the pictures were changed as they were not clear enough to describe the target words. For target words that appeared more than once in a text, only the first occurrence of this target word was glossed.
In order to include multimedia glosses into the selected texts, the researcher used a multimedia editor software called Foreign Language Annotator (FLAn), created by Thibeault (2011) . Using FLAn, multimedia texts were generated through integrating multimedia glosses to the selected texts. The texts were displayed on the screen. Following the suggestion of Ali, Wahid, Samsudin, and Idris (2013) , black sans serif font (Verdana) on a white background was used for optimal onscreen reading. The glossed words were underlined and blue in color.
When a highlighted word or phrase was clicked, a pop-up window would appear on the right-hand corner of the screen. In order not to interrupt the flow of reading, the text was still available for the reader to see on the screen at any time. This allowed readers to have access to both the reading text and the glosses simultaneously. The pop-up window contained the gloss types mentioned above (i.e., synonym, definition, picture, audio, video, & hyperlinks) . The students were instructed to read the text, click on the highlighted words, and study the glosses that appeared. Readers could view only one gloss at a time. When they clicked a target word, the gloss for this word appeared. When they clicked another target word, the first word disappeared. Three experts in instructional designing evaluated the electronic texts for user-friendliness and made sure that the hyperlinks were working well and would lead to the external websites.
Procedures
Experimental procedures were executed at Jubail College of Education, IAU University, during a 15-week period. These procedures were carried out in five steps: 1) pretesting, 2) orienting participants, 3) reading sessions, 4) posttesting, and 5) dealayed measurement.
Pretesting
The vocabulary test was administered to all participants. Mann-Whitney U-test analysis of pretest data did not indicate a significant difference between the mean scores of the two groups (U= 238; p>0.05). This confirmed that the two groups were equivalent. The results of the Mann-Whitney U-test of the difference between the groups are summarized in Table 1 . Before the reading sessions started, participants of the experimental group attended a 45-minute orientation session in order to become familiarized with the FLAn software. They were trained in how to start the program, how to click on a glossed word to view the different types of glosses, and how to check different types of glosses.
Reading Sessions
All participants attended 12 weekly reading sessions in the same place and at the same time in order to reduce the possibility for participants to share what was going on in each group. Each of the two groups had access to a different version of the software. That is, the experimental group used a version that provided multimedia glosses in a popup window while the control group used another version of the software which enabled them to read the same computerized texts (with the same font, color, and background) in a scrolling window without offering any glosses. Target words were underlined for all participants. This would help both groups be equally focused toward the target vocabulary that would later appear in the vocabulary test. However, for the experimental group the underlines words would generate a popup window with multimedia glosses while for the control group they generated nothing. Students in the experimental group were required to read the passages and to consult the multimedia glosses while participants of the control group were required to read the passages and to try to guess the meanings of the target words from context. After reading each passage, participants were required to answer some questions regarding the target vocabulary included in this passage.
Posttesting
Immediately after the reading sessions were finished, all participants were administered to the vocabulary test.
The purpose was to evaluate the difference between the two groups in vocabulary acquisition.
Delayed Measurement
Two weeks after the administration of the posttest, all participants were administered to the vocabulary test. The purpose was to evaluate the difference between the two groups in vocabulary retention.
Results
The difference between the mean scores of the two groups on the vocabulary posttest was analyzed using Mann-Whitney U-test which showed that this difference was statistically significant in favor of the experimental group (U=125; p<0.05). See Table 2 . Moreover, the difference between the mean scores of the two groups on the vocabulary delayed measurement was analyzed using Mann-Whitney U-test which showed that this difference was statistically significant in favor of the experimental group (U=126; p<0.05). See Table 3 . 28.77 633
Discussion
The present study attempted to investigate how multimedia glosses would affect EFL students' vocabulary acquisition and retention. The study included two hypotheses. The first one stated that a statistically significant difference would exist between the mean scores of the experimental group and the control group in vocabulary acquisition in favor of the experimental group. The statistical analysis revealed a significant difference between the two groups in the immediate administration of the vocabulary test. The second hypothesis of the study stated that a statistically significant difference would exist between the mean scores of the experimental group and the control group in vocabulary retention in favor of the experimental group. The statistical analysis also revealed a significant difference between the two groups in the delayed administration of the vocabulary test.
The findings of the present study agree with the results of many studies which revealed the effectiveness of multimedia glosses in improving vocabulary learning (e.g., Çakmak, 2014; Chiu, 2013; Hassan, 2010; Hu, Vongpumivitch, Chang, & Liou, 2014; Jalali & Neiriz, 2012; Kongtawee & Sappapan, 2018; Lee & Lee, 2015; Lee, Lee, & Lee, 2016; Lee, Warschauer, Lee, 2017; Loucky & Tuzi, 2010; Moazzeni, Bagheri, Sadighi, & Zamanian, 2014 Moradan & Vafaei, 2016; Oe & Alam, 2013; Poole, 2011 Poole, , 2012 Poole & Sung, 2016; Rashtchi & Aghili, 2014; Rassaei, 2018; Razagifard, 2010; Rouhi & Mohebbi, 2012a Salem, 2006; Tabatabaei & Shams, 2011; Türk & Erçetin, 2012; Yanguas, 2009; Yun, 2011; Zoi, Bellou, & Mikropoulos, 2011) while they disagree with a less number of studies which found no significant effect for multimedia glosses on vocabulary gains (e.g., Boers, Warren, He, & Deconinck, 2017; Faramarzi, Elekaei, & Koosha, 2014; Sato, 2016; Sato & Suzuki, 2010) . This goes along with Choi's (2016) contention that empirical findings to date have demonstrated favorable effects of multimedia glosses on learners' vocabulary knowledge.
A possible explanation for the results of this study is that glossing difficult vocabulary helps learners acquire their meaning. This was proved by some studies (e.g., Al-Ghafli & Hussain, 2011; Arpaci, 2016; Azari, 2012; Azari, Abdullah, Heng, & Hoon, 2012a; Ghabanchi & Ayoubi, 2012; Ghahari & Heidarolad, 2015; Huang, 2010; Jung, 2016; Ko, 2012; Salehi & Naserieh, 2013; Todd, 2014; Tong, 2017; Zhao & Ren, 2017) . This also goes along with Barcroft's (2015) belief that activities which introduce the meanings of words to learners in the early phase of learning the words enhance the acquisition of word meanings.
Another explanation for the results of this study is that multimedia glosses might have responded to participants' preferences to use technology in learning which might have a positive influence on their vocabulary learning. This explanation has been supported by many previous studies which found a significant effect for using technology on vocabulary learning (Alavinia & Qoitassi, 2013; Alemi, Sarab, & Lari, 2012; Chen & Chung, 2012; Fehr et al., 2012; Hayati, Jalilifar, & Mashhadi, 2013; Korat & Shamir, 2012; Maftoon, Hamidi, & Sarem, 2015; Mahsefat & Homaie, 2012; Nikoopour & Kazemi, 2014; Sun & Yang, 2012; Wang & Shih, 2015; Ward & Williams-Rossi, 2012; Yanguas, 2012) .
Another possible explanation is the use of pictures in the multimedia glosses. The inclusion of pictorial glosses better reveals the underlying meanings to learners (Morett, 2019; Shalmani & Razmjoo, 2015) as well as enhances learners' retention of word meaning ; thereby leading to better vocabulary gains (Türk & Erçetin, 2012) . This explanation is in tune with the assumptions of the DCT (Paivio, 2007) which proposes that vocabulary glossed with both text and pictures are acquired better than those glossed with text only (Sadoski & Paivio, 2013) . According to this theory, pictures are more easily retrieved from memory than are words and recall is enhanced thanks to word-image association (Reed, 2010) .
A further explanation for the present findings is the use of video in the glosses. In this context, Aldera and Mohsen (2013) , Jelani and Boers (2018) as well as Cokely and Muñoz (2019) found out that using videos is an effective means that can enhance vocabulary acquisition. This explanation is supported by the assumptions of the GTML (Mayer, 2005) which assumes that the working memory has a limited capacity, therefore there should be a simultaneous processing of verbal and visual information (Türk & Erçetin, 2012) .
Finally, the improvement in vocabulary acquisition and retention in the present study may have resulted from the positive learning atmosphere that accompanied the use of the multimedia glosses as participants had the opportunity to select the medium they liked while they were looking for the meaning of the glossed words. They could select among text, pictures, audio clips, video clips, and hyperlinks to websites. This might have been suitable for participants with different preferences and learning styles, so that information can be offered to learners in the mode they prefer or need. This explanation agrees with Tight's (2010) opinion that vocabulary instruction through multiple modalities is beneficial for learners of different style preferences. It also goes in harmony with the principles of Gardner's MIT which emphasizes the necessity to provide learners with material presented in multiple ways and modes to facilitate effective learning (Gardner, 2011) .
Conclusion, Recommendations, and Suggestions for Further Research
Based on the results of the current study, the researcher concluded that multimedia glosses enhanced both vocabulary acquisition and retention among EFL students. The researcher also recommended that: (1) multimedia glosses should be used in teaching EFL vocabulary, (2) vocabulary learning should go along with students' preferences to use their smart phones and personal computers in learning, (3) vocabulary learning should be given enough attention in EFL courses, (4) EFL teachers should enhance their technological skills to be able to cope up with instructional enhancements and innovations, and (5) teachers should take into consideration the differences in EFL learners' learning preferences and styles. Moreover, she suggested conducting further research to examine (1) a comparison between traditional paper-based glosses and multimedia glosses on EFL vocabulary learning, (2) the effect of multimedia glosses on EFL reading comprehension, (3) the effect of multimedia glosses on students' engagement, and (4) the effect of multimedia glosses on students' attitude towards using technology in learning.
